ABSTRACT The season-long population dynamics and within-plant distribution of the thrips Frankliniella occidentalis (Pergande) were examined. Thrips density was highly variable and peaked in midseason. Fluctuations in density in combination with changing age structure of the population suggest that migration plays an important role in the population dynamics of thrips. The seasonal peak in thrips density corresponded with the period of peak bloom Adult thrips were strongly attracted to cotton flowers, which suggests that the mi- However, in regions with warmer springs such as California, chemical applications against thrips are rarely warranted, as seedlings can outgrow damage and compensate for any appreciable reduction in plant vigor (Ellington et al. 1984 , Leigh 1985 . respective predator and its prey. This paper reports on the within-plant distribution of F. occidentalis in relation to spider mites in cotton. Two sampling programs, each with a different objective, were conducted. In the first, sampling was initiated 27 May, and the number and location of thrips on the mainstem node (MSN) leaves of 20 randomly selected plants were recorded weekly in the field until 30 August. Spider mite, Tetranychus spp., densities also were monitored during this program. The proportion of spider mite-infested leaves was recorded from 40 randomly selected plants, one leaf per plant, each leaf selected from the MSN as defined in Wilson et al. (1983) . The resulting data were used to generate seasonal estimates of thrips density and their vertical or MSN distribution on leaves and the proportion of spider mite-infested leaves. The nodes on the mainstem of the plant were numbered in two waysfrom the cotyledon and from the terminal. The
However, in regions with warmer springs such as California, chemical applications against thrips are rarely warranted, as seedlings can outgrow damage and compensate for any appreciable reduction in plant vigor (Ellington et al. 1984 , Leigh 1985 .
Furthermore, chemical applications increase the likelihood of spider mite, Tetranychus spp., outbreaks by reducing densities of natural enemies , McMurtry et al. 1970 .
Recent field observations in cotton suggest F. occidentalis is an omnivore and consequently an important early-season predator of spider mites (Gonzalez et al. 1982 , Gonzalez & Wilson. 1982 . Their predatory role has been further elucidated in laboratory studies on cotton and peanuts (Boykin et al. 1984 , Trichilo & Leigh 1986 ). At present, however, no detailed field studies have been conducted to quantify the role of F . occidentalis as a predator of spider mites in cotton.
Being a generalist feeder, F. occidentalis will probably attack any prey smaller than itself. Therefore, the role of F . occidentalis as a predator of spider mites will depend to a large extent on the amount of overlap between the distribution of the respective predator and its prey. This paper reports on the within-plant distribution of F. occidentalis in relation to spider mites in cotton.
Materials and Methods
Populations of F . occidentalis were monitored during the 1982 field season at the University of California West Side Field Station near Five Points, Calif. Plants were sampled weekly from a plot (ca. 0.25 ha) embedded within an 8-ha field of Acala SJ-2 cotton. Cotton was planted 15 April, and the furrow was irrigated and managed using standard cultural practices. No insecticides or acaricides were applied during the growing season. Populations of thrips on cotton in central California are known to consist almost entirely of F. occidentalis (T. Leigh, personal communication This article is the copyright property of the Entomological Society of America and may not be used for any commercial or other private purpose without specific written permission of the Entomological Society of America. 700 wo 900 lo00 1100 1200 lJ00 1100 1500 loo0
May 29 June19 July 6 July 1 9 July 31 Aug. 13 PHYSIOLOGICAL TIME (DEGREE DAYS> 12°C) The second, more intensive, sampling procedure was conducted during a shorter period of time (7 July-24 August) and provided information on the MSN distribution as well as lateral or branch stem node (BSN) distribution of thrips within the cotton plant as influenced by plant growth and development. The distribution of adult and larval thrips was recorded from 3 to 10 randomly selected plants cut, placed in plastic bags, and counted in the laboratory one or two times per week. On each sample date, the location of thrips with respect to MSN, BSN, and plant part (leaf, square, flower, or boll) was recorded for larval and adult thrips. From these data the proportion of thrips on different plant structures and the combined MSN-BSN distribution of thrips was calculated for each sample date. Physiological time reported in our results was expressed as degree days (DD) >12"C from planting (Gutierrez et al. 1975 (Lewis 1973) . The time between the second and third peak, however, was less than 10 d, suggesting other factor(s) were involved in causing the sharp fluctuation in thrips density.
Fluctuations in population density also may be related to the migration of thrips between different flowering plant species. F . occidentalis has a wide host range of plants, including 139 species in California (Bryan & Smith 1956) . A recent study of Yudin et al. (1986) shows that adults of F . occidentalis are highly attracted to flowers. The proportion of adult thrips found on fruiting structures (squares, flowers, and bolls) in our study peaked during midseason and represented a major proportion (68%) of all adult thrips found. Most of these adult thrips were recorded from the flower itself (Table 1) . There was no similar rise in the proportion of total larvae recorded from flowers or combined fruiting structures. This time period corresponds to the peak density of thrips (Fig. I) neither the increasing spider mite population nor the increasing plant growth of cotton during the latter part of the season favored populations of F . occidentalis, which decreased during the same period of time (Fig. l) . These results support previous work by Gonzalez et al. (1982) and Gonzalez & Wilson (1982) , who found that, in the southern San Joaquin Valley during peak bloom, adult F . occidentalis were more abundant on flowering structures than on other parts of cotton plants. Floral nectar and pollen represent additional food sources for adult thrips, whereas larvae most likely feed primarily on spider mites and leaf tissue (Trichilo 1985) . These results also agree with findings on other generalist feeders in cotton, which show that the adult stage has a greater affinity for fruiting structures compared with immature stages (Wilson & Gutierrez 1980) . The proportion of larvae varied over time, first increasing and then decreasing, with most values falling between 0.50 and 0.95 (Fig. 2) . Populations composed primarily of immatures and increasing in numbers, as shown with thrips in our study ( Fig.   1 and 2) , are considered reproductively stable (Carey 1983 ). The declining proportion of larvae in late season, in combination with the decreasing population density, indicates a declining rate of reproduction among adult females. Fecundity may be dependent in part on the consumption of pollen grains from cotton flowers which decline in numbers in late season (Ellington et al. 1984) .
The mean MSN location of F . occidentalis and MSN production during the summer showed similar patterns of change (Fig. 3) . Early in the season, both increased rapidly, but later they increased more slowly. The rate of node production and concomitant vertical plant growth was generally more rapid than the upward dispersal of thrips. The MSN location of thrips reached ca. node 17 of the total 23 MSNs in late season. Spider mites disperse up the plant during the season in a way similar to thrips but much more rapidly in mid-to late season, and their mean MSN location reaches the terminal leaves by late season (Wilson et al. 1983 ). Differences in dispersal patterns between thrips and spider mites may be attributed in part to differences in modes of migration and feeding habits. Spider mites are wind-dispersed, the plant terminal serving as a point of departure (Fleschner et al. 1956 , Hussey & Parr 1963 , Mitchell 1970 . Spider mites are strictly phytophagous. As food quality decreases in late season, they will actively seek new sources of food, either higher in the plant canopy persal may be in response to abundant spider mites, younger leaves, and flowers, all located higher in the canopy as the plant ages.
The mean relative location of thrips within the plant canopy (terminal node, 1) is plotted in Fig. 4A .DD -(9.0273*10-') *DDz + (7.2200*10-9)
.DD' -(2.000*10-1Z).DD'; rz = 0.86, n = 27, P < 0,0001 Wilson et al. 1983 , Von Arx et al. 1984 .
The distribution of larval thrips on MSN leaves during the growing season was relatively broad, except for 27 May (Fig. 5) . The percentage of thrips at individual nodes varied between 0 and 20, with most thrips recorded from nodes 2-12 (terminal node, 1). The distribution of larvae as well as adults on 27 May (the earliest sampling date) differed markedly from the distributions shown for the other three sample dates. The cotton plant at this time is less than a third of its final height, restricting the thrips to a much narrower range of available MSN leaves. Furthermore, the terminal node consists of both the MSN leaf and primordial tissues, all highly attractive to thrips.
The MSN distribution of adult thrips was also broad but more variable than for larvae. The percentage of adults on MSN leaves (except for 27 May) varied between 0 and 25. The greater variability in the distribution of adult thrips compared with larvae may reflect the less mobile lifestyle of larvae. Adults, being winged, can more readily move up, down, or off the plant.
The mean MSN location of thrips and spider mites is compared over the entire growing season by extrapolating from Fig. 3 and using data from Wilson et al. (1983) . The MSN distributions of F. occidentalis and spider mites were very similar in early season when plants were less than 2 nodes tall and in late season when 17-20 nodes tall. An overlap of the distributions of the thrips and the spider mites in early season is important because predation at this time can have a major impact on mid-and late-season densities of spider mites. Wilson et al. (1987) demonstrated that reduction of early-season spider mite infestation foci can substantially increase the final yield of cotton. Although the mean MSN locations of these two arthropods differ during most of the season, their overall MSN distributions are broadly overlapping.
More than 93% of thrips (Fig. 5 ) and spider mites (Wilson et al. 1983 ) sampled between 22 June and 15 July were found on MSN leaves 3-12. Their overlapping distributions, combined with evidence of high rates of predation by thrips on spider mites (Trichilo & Leigh 1986) , suggest that the thrips have the potential of exerting a large degree of mortality on the spider mite population, at least during the early season. Fig. 6 shows the distribution of thrips along the lateral axis (BSN location) of the plant and how this distribution changes from the top (MSN = 1) to the bottom of the canopy on three different sampling dates. Thrips located in the upper portion of the plant (above MSN 5) were found primarily on MSN leaves where few other plant parts were available to them. The majority of larvae below mainstem 5 were found on first-position BSN leaves.
The same was observed for adult thrips, except in midseason. During this period, when the largest number of flowers was found on the plants, most adult thrips were located on fruiting structures. Of these plant parts, most adult thrips were found on flowers (Table 1) . The preference by adult thrips for flowers is suggested by their shifting to these increasingly available structures during midseason.
Thrips were recorded almost exclusively from either first-position BSN plant parts or on MSN leaves, although structures farther out on branches were available (Fig. 6) . The limited distribution of thrips within the plant canopy suggests F. occidentalis may prefer a habitat protected from direct sunlight and wind, as do other species of thrips (Lewis 1973) . They may also be attracted to leaves infested with spider mites or to leaves of higher nutritional quality.
